The present study confirms the hypothesis that aristolochic acids are present in Aristolochia bridgesii. The chemical composition of aristolochic acids in this species is qualitatively similar to that of Aristolochia chilensis, with the two species differing only in the total amount of aristolochic acids present, and in the relative proportions of each aristolochic acid. These results are consistent with the fact that the two Aristolochia species in Chile both serve as host plants to Battus polydamas archidamas (Lepidoptera, Papilionidae, Troidinii).
INTRODUCTION
Two species represent the family Aristolochiaceae in Chile: Aristolochia chilensis Bridges ex Lindl. and Aristolochia bridgesii (Klotzsch) Duch. Whereas Aristolochia chilensis is found between Caldera in Northern Chile (27ºS) and the south of Santiago (34ºS), the distribution of Aristolochia bridgesii is more restricted, ranging from Vallenar (28ºS) to the south of La Serena (30ºS) at altitudes of 950-1300 m above sea level 1 . Exceptionally small, isolated populations of this species, sometimes co-existing with A. chilensis, are also found on the coast near the latitude of Valparaíso (32° 30' S). In recent years, due to a systematic decrease in rainfall in the region, the populations of Aristolochia bridgesii have fallen significantly, and the plant is now considered a rare species 1 . Among papilionids, the neotropical genus Battus is monophagous, feeding only on plants of the genus Aristolochia at the larval stage 2, 3 . Battus polydamas archidamas Boisd. (Papilionidae, Troidini), the only representative species of the genus in Chile, uses the two Aristolochia species in Chile as host-plants 4 . Aristolochic acids (AAs) are among the plant signals used by females of Aristolochia-feeding papilionids during the contact and evaluation phase in the search for a host; the signals help the papilionids find a suitable site for oviposition 5, 6 . We have recently found evidence that a mixture of aristolochic acid -I (AA-I (1)) and aristolochic acid -II (AA-II (2)) is involved in the recognition of an artificial diet by the first-stage larvae of Battus polydamas archidamas Boisd., and that it has a phagostimulatory effect throughout the larval development 7 .
These findings suggest that AAs are also present in A. bridgesii, and that their chemical composition should be similar with those of A. chilensis. This supposition has never been validated, because, of the two species of the Aristolochiaceae family present in Chile, only A. chilensis has been studied and AA-I (1), AA-II (2), AA-IV (4), AA-Ia (5), AA-IIIa (6), and AA-IVa (7) have been identified from the leaves and stems [8] [9] [10] . In addition, there is a nearly complete lack of information on the chemical composition of AAs in the host plants of Aristolochia-feeders. For example, the chemical composition of AAs is known for only five of the 29 species of Aristolochia reported to be host plants for Battus polydamas (Linnaeus) [11] [12] [13] . 
Extraction of aristolochic acids
Oven-dried and powdered leaves of A. bridgesii (200 g) were extracted with MeOH at room temperature for four days (4 x 1.5 L each). The combined extracts were evaporated in vacuo. The syrupy residue was agitated with 100 mL of 5% NaHCO 3 for 1 hr, allowed to stand for 24 hr at 10 ºC, and filtered. The clear filtrate was washed with CHCl 3 (5 x 50 mL).
Washing with CHCl 3 upon evaporation yielded a brown gum that contained no acids, and was not further investigated. The aqueous phase was adjusted to pH 2 with HCl and extracted with CHCl 3 (5 x 50 mL). Evaporation of the combined extracts in vacuo yielded a fraction of crude non-phenolic AAs (239 mg). The acid solution was then extracted with AcOEt (5 x 50 mL). Evaporation of the combined extracts in vacuo yielded a second fraction of crude phenolic AAs (356 mg). The procedure was repeated with five samples (200 g) of A.bridgesii obtained from five different plants.
HPLC analysis of aristolochic acids
The non-phenolic and phenolic AA fractions were analyzed by analytical HPLC (Waters 600), using a reverse-phase Symmetry column (5 μm particle size; 25 x 0.46 cm). Gradient elution was performed using a mobile phase consisting of 0.1% acetic acid in water (solution A) and 0.1% acetic acid in acetonitrile (solution B) as follows: 0-5 min, isocratic elution with 70% A / 30% B; 5-45 min, linear gradient from 70% A / 30% B to 55% A / 45% B. Detection was accomplished with a Waters 2996 diode-array-detector (DAD), and spectra were recorded at wavelengths between 200 and 800 nm. The UV spectra and retention times of all AAs detected were coincident with standards of AA-I (1), AA-II (2), AA-III (3), AA-IV (4), AA-Ia (5), AA-IIIa (6), and AA-IVa (7) previously isolated from A. chilensis, A. argentina, and Battus polydamas archidamas [8] [9] [10] 14 . Quantification was based on peak areas in chromatograms taken at 254 nm. A dilution series of standard solutions was prepared from stock solutions of standards, and all solutions of standards and samples were stored at 5 ºC. Calibration lines were obtained by plotting peak areas against the concentrations of the standards; these lines were used to determine the concentrations of the AAs in the samples. The five collected samples (200 g each), taken from five different plants, were analyzed independently.
RESULTS AND DISCUSION
The aristolochic acids identified in A. bridgessi were the same as those found in A.chilensis. Results are shown in Table 1 . The only differences between the two species were the total yields of AAs, and the relative amounts of the different AAs. Phenolic components in A. bridgessi accounted for nearly 50% of the total mixture, while they accounted for only 27% in A.chilensis. The distribution of AAs in the Aristolochia species studied so far is far from homogeneous. For example, phenolic AAs are not widely distributed in these species, according to two reviews that examine reports of the AA composition of 43 species of Aristolochia up to the year 2003 11, 12 . This review indicates that AA-I (1) has been observed in 39 species; AA-II (2), 16; AA-III (3), seven; AA-IV (4), eight; AA-IIIa (6), 16; AA-IVa (7), 16; and AA-Ia (5), only two.
The extraction procedure used in the present study allowed the separation of two fractions, one containing phenolic AAs and another containing nonphenolic AAs. Extraction of an acidic solution of AAs with CHCl 3 is selective for non-phenolic AAs, with phenolic derivatives present in small amounts as contaminants in the mixture of AAs. To obtain the phenolic derivatives, extraction with CHCl 3 : EtOH (3:2) has proven to be a good alternative 8, 10 . In the present study, extraction with AcOEt proved to be even better method for isolating phenolic AAs from A. bridgesii and A. chilensis.
These observations suggest that the reported absence or low concentrations of phenolic AAs in many plants of the Aristolochiaceae family may be, at least in some cases, the result of inadequate laboratory techniques that led to insufficient extraction of these phenolic components.
Despite this potential limitation of previous studies, it appears from the literature that AA-Ia occurs only in A. chilensis 8, 10 and A. argentina 14, 15 . This is somewhat surprising, given the obvious biogenetic relationship with AA-I (1), the major AA in Aristolochia species. Therefore, the presence of AA-Ia (5) may be considered a distinctive biochemical marker of A. bridgesii.
In conclusion, the present study confirms our hypothesis that AAs are present in A. bridgesii. The chemical composition of AAs in this species is qualitatively similar to that of A. chilensis, with the two species differing only in the total amount of AAs present, and in the relative proportions of each AA. These results are consistent with the fact that the two Aristolochia species in Chile both serve as host plants to B. polydamas archidamas 4 .
